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© METHOD OF DISCRIMINATING NON-DEFECTIVE FROM DEFECTIVE IN INJECTION MOLDING 
MACHINE. 



CO 



© A method of discriminating non -defectives from defectives in an injection molding machine capable of 
properly and quickly setting discriminating reference parameters and accurately discriminating non-defectives 
from defectives. In each of a plurality of injection steps during molding of non-defectives, a group of injection 
pressure curves as a function of screw position and a group of injection pressure curve as a function elapsed 
r- time after the start of the injection are displayed in two coordinate systems on display screens on the basis of 
^ injection pressures and screw positions, both of which are sampled periodically. For respective screw positions 
and elapsed times selected in the coordinate systems, various reference values (x, p t t) and various upper and 
lower limit values (pu, pi, tu, tl, xu, xl) for determining various tolerance ranges are set in data display columns 
tf> (8, 9) in consideration of distributed states of the groups of pressure curves and displayed details displayed in a 
^ data display column (10) and variable in accordance with the movement of cursors (11, 12). During the execution 
lO of the real molding cycles, real elapsed times and real injection pressures at respective selected screw 
^ positions, or real screw positions and real injection pressures at selected elapsed times are compared with the 
O tolerance ranges to determine their suitability, thereby discriminating non-defectives from defectives on the basis 
of the number of discriminated defectives. 
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Technical Field 

The present invention relates to a product acceptance/rejection judgment method ir . an W**™ 
moldTng machine, and more particularly, to a method which makes it possible to set 
judgment standard parameters and to accurately determine whether a product Is acceptable or not. 

Background Art 

With an injection molding machine, products are mass-produced by repeating an injecti ton i molding 
cvclein which molten molding material is injected in a mold, and is cooled under a hold pressure and .s 
Secoo^a^o solidified. Conventionally, to judge whether mass-produced products ^ accepteMe .or 
not a product sampled from each product lot is visually compared with a nondefect.ve sample manufac- 
tured pn£r^ thus judging whether the products of each lot are acceptable or not. Th.s 
however, is disadvantageous in that the judgment re.iabi.ity is %*~~2JSl 
acceptance/rejection judgment is made by visual inspection and also because such nondefective samples 
^y be subScted to change on standing. Further, a iarge space is required to keep many nondefective 

^tS present inventors perceived that the quality of products depends on the changing pattern of the 
pressure applied to molding material during the injection and hold processes, and proposed an art.de 
conform^ ^i criminating apparatus in Japanese Patent Application S63-118357 (.nternationa. Patent Ap- 
pSion ^^^PCT™00396). According to the proposed apparatus, the changing pattern of the reference 
SZEi during a period from the start of injection to the completion of hold is predetermined based on the 
o essu es (reference pressures) which are sampled at regular intervals dunng the mechon and hod 
accesses ufSSteSS product molding. And an actua. pressure change pattern Is determ.ned ,n 
accordance Wi r«i^ pressures sampled periodically during actual injection and hold processes. Then, .t .s 
Sed whetSrdTfferences between the pressures at individual matching points of the two patterns are out 
of ^rm7ss2 ranges or not. and then it is decided whether the product is acceptable or not accord.ng to 
of fences of actual pressures, that are out of the permissible ranges and are therefore 

inaP Th°e Pr ptsent inventors also proposed a product acceptance/rejection judgment system in ^ Japanese 
Patent Application H1-130064. In the proposed system, for instance, an actual .njecfton pressure s detected 
a ToreZ ime jeriod elapsed from the start of injection, or actual injection pressures are detected when a 
slew reached tw preset screw positions after the injection start, respectively. Then, the dev.ation of each 
acS pressure from the predetermined pressure is checked whether it fa!ls within a perm.ss.ble range or 
not thus determining whether the product is acceptable or not. 

As described above, in these proposa.s. the actual pressure is detected once or plural times at each 
detection ti> Ing which is determined by an injection control/judgment standard parameter consisting of the 
efapsS time period from the start of injection or the screw position. The deviation o each actual pressure 
from S corresponding reference pressure or preset pressure is judged whether .t falls w.th.n a perm.ss.ble 
Sge o r^rthenTdetermination is made as to whether the product is acceptable or not .n accordance 

^Zlf ^some'cases. however, that the above two proposals fail to perform accurate 
accep^nce/Sction judgmen of products. This is considered primarily because a perm.ss.ble pressu e 
Z£l dgmTnfstandard paramete'r) is fixedly set irrespectively of injection control and ^^X o z 
p^meter values, despite the fact that the degree of affection of a pressure deviation on the confomntty _of a 
Pmduct varies with changes in the aforementioned parameter values, i.e. wth f^^ sS^STa 
orocess Namely, in the proposed apparatus according to Japanese Patent Appl.cat.on S63-118357 a 
Set rmtnatioTis made as to whether the pressure deviation at each f^^TZ^TZ^ 
within a fixedly set permissible range. In other words, no consideration is g.ven to the d.fference between 
Son deSeefof the pressure deviations at various points in the pattern Nevertheless ft. judgment 
reTuTts at the various points in the pressure change pattern are evaluated with the same we.ght. lead ng i to a 
ooss ble inaoproprL acceptanceA-ejection judgment of a product. Also in the proposed system of Patent 
ZSLTSZ^*™ determines whether the deviation between each of the actual pressures 
deTeSd Le and the corresponding preset pressure falls within the permissible range. 
perrntsibte Ganges are set in the same manner. In this proposed system, it appers possible to .ndepen- 
SHet the respective permissible pressure deviation range in dependence on a parameter value (actua 
orelur detection timing), so as to eliminate the above-mentioned drawback resulfing from evaluating aU 
Kdgmenf re Llt with he same weight. However, in practice, an extreme difficulty w.ll be encountered 
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in deciding a preset pressure and a permissible pressure deviation range that are suited for the parameter 
value with reference to past molding work data. Similarly, it is also difficult to set the permissible range in 
dependence on the parameter value in the aforementioned proposed apparatus 
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The object of the present invention is to provide a produce acceptance/rejection judgment method in an 
injection mo ding machine, which allows judgment standard parameters to be properly and quickly se ano 
which permits accurate acceptance/rejection judgment of products 

nr. J° aChi8We th ° above-mentioned object, according to one aspect of the present invention, a group of 
pressure curves ,s displayed, these curves respectively representing, as a function of a predetermined 
parameter, changes in pressure during a plurality of injection processes in nondefective product molding At 
TtoZ V ^L L P t tBm, r ed Pa 7T ter " Se,eCted - " d 3 P ermi ^«e Pressure range correspond- 

nLln n™ ' T ♦ "V* baSSd °" the 9r ° UP ° f pr6SSUre Curves - Then - du ^9 °<"> actual 
injection process, a judgment .s made as to whether or not an actual pressure generated when the 

predetermined parameter reaches the parameter value falls within the permissible pressure range and a 

determination is made in dependence on results of the judgment as to whether a product is acceptable or 

Preferably, the predetermined parameter is the position of the screw of an injection molding machine 
or a time period elapsed from an instant at which the injection process starts. A plurality of values of the 

thl SLTn Para T r 3 T Se ' eCted ' permissib,e P ressure ™ges respective.y corresponding to the 
Uius selected parameter values are set separately and independently from one another. A judgment is 
made as to whether or not the actual pressure, generated when the predetermined parameter reaches each 
parameter value during the actual injection process, falls within the permissible Pressure range for that 
parameter value. Preferably, a counting operation is made each time the actual pressure, generated when 
the predetermined parameter reaches each parameter value, is determined as falling within the permissible 
pressure range for that parameter value, or each time the actual pressure is determined as falling outside 
the permissible pressure range, and a determination is made in dependence on the total count as to 
whether a product ,s acceptable or not. The group of pressure curves is displayed on a two-Simens1on2 
a S astern Prided on a graphic disp.ay. and seiection and setting of the paramete 

values and the permissible pressure ranges are made on the graphic display 

According to another aspect of the present invention, first and second groups of pressure curves which 
respectively represent, as a function of first and second predetermined parameters, pressure changes 
t Z 'Tth r prOC H SS8S nond f ective P radu « molding, are separately displayed, and at least one value 
of one of the first and second predetermined parameters is selected. Further, a permissible pressure range 
for that parameter value is set in accordance with the pressure curve group represented as the function of 
one predetermined parameter, while a permissible pressure parameter range for the other predeterZed 
parameter, which range corresponds to the selected parameter value, is set in accordance with the pressure 
curve group represented as the function of the other predetermined parameter. During one act^?nfec,ion 
process. a judgment is made as to whether or not an actual pressure and a value of 9 the other parameter 
respectively generated when the one predetermined parameter reaches the selected parameter value fall 
w,th,n the permissible pressure range and the permissible parameter range, respectively. Then a deter- 
mination -s made as to whether a product is acceptable or not in accordance with the judgment results, 
moilnn m^h-" T T ' p ' edetermined Parameters are the position of the screw of an injection 

molding machine and a time penod elapsed from the start of an injection process. A plurality of values of 
one of the predetermined parameters are selected, permissible pressure ranges for these parameter values 
ZZ 6 Se T te y independent, y from ° ne another, and permissible parameter ranges for the 
parameter values are set separately and independently. The pressure curves of the first and second groups 
are respectively displayed on a first and second two-dimensional orthogonal coordinate systems, which are 
pmvded independently from each other on a graphic disp.ay. The selection of parameter values and setting 
of permissible pressure ranges and permissible parameter ranges are conducted on the graphic display 

£22.'% eaC V' me tt V C,Ua ' Pr8SSUre 3nd th9 Value of the <**■ Parameter 'respe tfveTy 
!TSS? ^ Predeter r ed Parameter reac "as *ach Parameter value are respectively determined 
as fa ftng w,th.n the corresponding permissible pressure range and permissible parameter range, or each 
time they are respectively determined as falling outside the permissible ranges. Whereupon, acceptance or 
rejection of a product is decided in dependence on the total count cepiance or 

nr™? , S h ribed a T e ' T rdinQ t0 Pr9Sent inVenti0n - a 9roup of ? ressure curves - w hich represents 
pressure changes during the injection processes in nondefective product molding as a function of a 
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predetermined parameter such as screw position or elapsed time period from the beginning of an injection 
process, is displayed on, e.g., a graphic display, whereby the overlapping of the pressure curve group 
during the nondefective product molding, i.e., the distribution of pressure change patterns during the 
nondefective product molding, can be easily checked. In parallel with such a feature that any point of the 

5 pressure curve group can be specified by selecting a parameter value, the above feature makes it possible 
to allow a permissible pressure range at an arbitrary curve point to be properly and quickly set on, e.g.. a 
graphic display. Thus, acceptance or rejection of a product can be accurately decided based on the 
permissible pressure range. 

Preferably, a plurality of predetermined parameter values are selected, and permissible pressure ranges 

10 respectively corresponding to these parameter values are set separately and independently from one 
another. This makes it possible to appropriately set the permissible pressure ranges in dependence on the 
degree of influence of pressure deviation to the decision of product acceptance/rejection, which degree 
varies in dependence on the predetermined parameter values. Thus, it is possible to improve the reliability 
of each result of a plurality of judgments made during one actual injection process, whereby no 

75 inconveniences will be encountered even when all the judgment results are evaluated with the same weight. 
For this reason, accurate acceptance or rejection can be made even by such a simple method where 
counting is made each time the actual pressure is determined as falling in its permissible pressure range, 
and then acceptance or rejection of the product is decided in accordance with the total count. 

Also, according to the present invention, first and second groups of pressure curves, respectively 

20 representing pressure changes during the nondefective product molding as a function of first and second 
predetermined parameters, are displayed independently from each other; and the permissible pressure 
range corresponding to a value selected for one parameter is set in accordance with the pressure curve 
group represented as the function of one predetermined parameter, whereas the permissible pressure 
range, corresponding to that selected parameter value, for the other predetermined parameter is set in 

25 accordance with the pressure curve group represented as the function of the other predetermined 
parameter; and further a judgment is made as to whether or not the actual pressure and the value of the 
other parameter, generated when one predetermined parameter reaches the selected parameter value 
during one actual injection process, fall within the permissible pressure range and the permissible 
parameter range, respectively. Accordingly, the conformity of the actual pressure can be decided, and at 

30 the same time, the conformity of the required parameter values in the actual injection process can be also 
decided, whereby a more accurate product acceptance/rejection judgment can be achieved by totally 
evaluating both the decision results. 

Brief Description of the Drawings 

35 

Fig. 1 is a block diagram showing an essential part of an injection molding machine for embodying a 
product acceptance/rejection judgment method according to an embodiment of the present invention; 
Rg. 2 is a view showing, by way of example, a setting screen displayed by a data input device shown in 
Fig. 1; 

40 Rg. 3 is a flowchart showing an embodiment of a judgment standard setting process executed by a 
numerical control apparatus shown in Rg. 1 ; and 

Rg. 4 is a flowchart showing an embodiment of a product acceptance/rejection judgment process 
executed by the numerical control apparatus. 

45 Best Mode of Carrying Out of the Invention 

An electric injection molding machine for embodying a product acceptance/rejection judgment method 
of the present invention comprises various units such as injection unit, mold clamping unit, and product 
ejecting unit (ejector). Referring to Fig. 1 , the injection unit, which is provided with a screw 1 disposed in a 

so heating cylinder 15, an injection servomotor 2 for axially driving the screw, and a servomotor (not shown) for 
rotating the screw 1, is designed to axially move the screw 1 to thereby inject molding material (resin), 
plasticized and kneaded within the heating cylinder 15, into a mold 17 through a nozzle 16. The injection 
servomotor 2 is mounted with a pulse coder 3 for detecting the rotary position of the motor (axially moved 
position of the screw), and the screw 1 is mounted with a pressure sensor 4 for detecting a resin pressure 

55 (axial reaction force applied by the molten resin to the screw). The injection molding machine is also 
provided with a numerical control apparatus (hereinafter referred to as NC apparatus) 100 arranged to 
cooperate with a programmable machine controller (mentioned later) to control the various units of the 
injection molding machine. 
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The NC apparatus 100 comprises a microprocessor (hereinafter referred to as NCCPU) 112 for 
numerical control for controlling various servomotors through a servo interface 111 and various servo 
circuits (only the pulse coder and the servo circuit for the injection servomotor 2 are respectively shown by 
numerals 3 and 103) connected to pulse coders. Connected to the NCCPU 112 are a random-access 
5 memory (RAM) 104 for temporal data storage, etc., and a read-only memory (ROM) 115 storing therein a 
management program for controlling the whole of the injection molding machine. 

Further, the NC apparatus 100 comprises a microprocessor (hereinafter referred to as PMCCPU) 114 
for the programmable machine controller, to which connected are a RAM 110 for temporal data storage, 
etc., and a ROM 117 storing therein, e.g., a sequence program for controlling a sequencial operation of the 
10 injection molding machine. The PMCCPU 114 includes various flag memories, registers and counters (not 
illustrated) for the later-mentioned judgment standard setting and product acceptance/rejection judgment 
processes. 

Interposed between the CPUs 112 and 114 is a bus arbiter controller (hereinafter referred to as BAC) 
113 to which the buses of a shared memory 105, an input circuit 106, and an output circuit 107 are 

is connected. Under the control of the BAC 113, either one of the CPUs 112 and 1 14 is allowed to selectively 
get access to a required one of elements 105 to 107 in each arithmetic operation cycle of these CPUs. The 
shared memory 105 consisting of a nonvolatile RAM has a program storage section for storing therein, e.g.. 
an NC program for controlling the injection molding machine, and a setting section for storing therein 
various setting values, parameters and macro variables, by which molding conditions are represented. 

20 The input circuit 106 is connected to various sensors, etc., provided in the various units of the injection 
molding machine, and the output circuit 107 is connected to various servo circuits including the servo circuit 
103, and an address generator 118 connected to two RAMs 108 and 109 which are accessible from the 
PMCCPU 114. The RAM 108, which is connected to an A/D converter 101 connected to the pressure 
sensor 4, is designed to store an output, indicative of a resin pressure, of the A/D converter in an address 

25 region thereof specified by an output signal supplied from the address generator 118. The RAM 109, 
connected to a counter 102 for adding up feedback pulses received from the pulse coder 3, is designed to 
store a counter output, indicative of a screw position, in an address region thereof specified by the address 
generator output. 

A manual data input device with a CRT display unit (hereinafter referred to as CRT/MDI) 119, connected 
30 to the BAC 113 through an operator panel controller 116, comprises a CRT display controller, and .various 
keys, such as software keys and ten-key, for entry of various data and for display of various setting screens. 
The CRT display controller accommodates therein RAMs for pressure data, which are. e.g., three in number 
and each of which corresponds to the RAM 108, and RAMs for screw position data, which are. e.g., three in 
number and each of which corresponds to the RAM 109. Further, the software keys are designed such that 
35 each software key is assigned with a function determined in dependence on its operation mode, to thereby 
provide more functions than the number of the software keys installed. 

In the following, the operation of the injection molding machine constructed as mentioned above will be 
explained. 

Before start of actual injection molding cycles for mass production of molded products, an injection 

40 molding cycle is executed to set judgment standard parameters used for a determination of product 
conformity in the actual molding cycles. To this end, when an operator operates the CRT/MDI 1 1 9 to enter 
molding conditions determined in accordance with the type of product (mold) after the mold 1 7 is mounted 
to the injection molding machine, the molding conditions thus entered are stored in the setting section of 
the shared RAM 105. Thereafter, in accordance with a sequence program stored in the ROM 117 and an 

45 NC program and molding conditions stored in the shared RAM 105. sequential control is conducted by the 
PMCCPU 114, and at the same time, servomotors for the individual axes are drivingly controlled by the 
NCCPU 112, so that the injection molding cycle is repetitively carried out. If required, the molding 
conditions will be changed. 

During the injection molding cycles, an analog output, indicative of the resin pressure applied to the 

so screw 1, of the pressure sensor 4 is converted into a digital signal in the A/D converter 101. Also, feedback 
pulses delivered from the pulse coder 3 as the screw 1 moves are added up at the counter 102. This 
integrated value indicates the position of the screw. When reading an injection start command from the 
program, the PMCCPU 114 causes the address generator 118 to operate. Namely, upon start of the 
injection process, the address generator 118 starts the delivery of an address specifying output (sampling 

55 command) to the RAMs 108 and 109. The address specifying output is updated at intervals of a sampling 
period r. As a result, an injection pressure and screw position in each sampling cycle are stored in 
corresponding address regions of the RAMs 108 and 109. 
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Table 1 (Sampling Data) 



Address Elapsed Screw Injection 

time (T) Position (X) pressure (P) 



1 0 

2 r 



XI PI 
X2 P2 
2'- v X3 P3 



3 

,0 m (m-1) • r Xm Pm 

M (M-1) • r XM PM 

The aforementioned sampling operation is repeated during a time period which begi "3 at start of the 
injection process and which ends at completion of the hold process. As shown .n Table 1 the injection and 
hold pressures (hereinafter referred to as injection pressures) Pm and the screw pos.bons Xm in one 
injection molding cycle are stored in the same address region m (= 1. 2 .... M) of the RAMs 108 and 109 « 
time series, respectively. In the meantime, since the first sampling is conducted at the injection start, a time 
period Tm elapsed from the injection start, which corresponds to the common address reg.on m. can be 

^l^^^^Z^ a function menu key (not shown) ofthe CRT/MD. 119. the 
PMCCPU 114 starts the judgment standard setting process shown in Fig. 3. This setting process ; is 
periodically executed. In each process cycle, the CPU 114 judges whether or not a flag F 1 Ms set to 1 
which indicates that the judgment standard setting process is being executed (step SI 01). The f ag F1 is 
Te to "1 " in response to operator's operation of a setting start key (mentioned later), and the judgment 
result in step S101 immediately after the judgment standard setting process is initiated wiH be 
this case, under the controi of the PMCCPU 114. the setting screen shown ,n Fig. 2 is displayed on^the 
CRT screen of the CRT/MDI 119. Also, the functions of a left movement key and right movement key for a 
first graph cursor 11. the left movement key and right movement key for a second graph cursor 12. and the 
left movement key. right movement key. upward movement key and downward movement key for a setting 
cursor key 1 3 are allotted to predetermined software keys of the CRT/MDI 1 19 (step 102). respechvely 

More specifically, displayed on the setting screen are a first set data display field 8 first coordinate 
system 6. second set data display field 9. second coordinate system 7. numerical data field 10. and cursor 
guSaJce 5. The first set data display field 8 is provided with fields (spots) of 7 rows x 5 eohmn. for 
respectively displaying reference values of the screw position, injection pressure, and me penod elapsed 
from injection start, and upper and lower limit values of pressure deviation and elapsed time period for each 
of Se latter-mentioned five judgment points (point 1 to point 5). The second set data display held 9 consists 
of fields of 7 rows x 5 columns for displaying reference values of the screw position, injection pressure and 
elapsed time period, and upper and lower limit values of pressure deviation and position deviation for each 
o ottier five judgment points. Each of the coordinate systems 6 and 7 is a two-dimensional orthogonal 
coordinate system. In the first coordinate system 6. the injection pressure and the screw position are taken 
Tng the ordinate and abscissa thereof, respectively. In the second coordinate system 7. me Jnjecfion 
pressure and the elapsed time period from injection start are respectively taken along its ordinate and 
45 abscissa. The numerical data field 10 is provided with fields for displaying numerical values of screw 

^S'rr Er^^Sa^adytnsferred from the RAM 108 for pressure data and the 
RAM iS for Sew position da* to the RAM built in the CRT display controller of the CRT/MD 111 9 M 
group of pressure curves which represents the relationship between the screw position and the .njection 
so pressure in each of the latest three injection processes, and a second group of pressure curves which 
Resents the relationship between the elapsed time period from injection start and *e -injection pressure 
Z respectively displayed in the first and second coordinate systems 6 and 7 (step S102). Preferably the 
pressure curve for the latest injection process is displayed in a different color from those for other injector, 
processes. In Fig. 2. the pressure curve of the latest injection process is shown by one dot chain line, and 
55 other pressure curves are shown by solid line and two-dot chain line. nohac 
Then, the PMCCPU 114 determines whether the setting start key (not shown) of the CRT/MDI 119 has 
been operated or not (step S103). If the setting start key has not been operated, then the CPU114 
SnateslV-judgment standard setting process" for the present cycle, and waits for the setting start key 
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75 



to be operated. Thereafter, the injection molding cycle is continued, with the molding conditions changed 
where required. During this time, pressure curves are displayed as described above as steps 8101 to S?03 
are earned out. 

The operator judges whether a nondefective product has been molded or not. To make such a 

!h™L ° P Tf S6rVeS overla PP in 9 distribution) of the pressure curves of the first group and 

2 ITr Tn^Z 9 , ? T 9 PreSSUre CUrV6S ° f the S6COnd 9f0Up - ,f the P ressure curves <* •** group come 
f'°f ' r „ a nd * e atest prass "r e curve " es between the °ther two pressure curves, then the operator decides 
that a nondefective product has been molded, and operates the setting start key 

nrnir f^fl" determines ** ^ setting start key has been operated in step S103, it 
prohibits updating of the pressure data and screw position data on three injection processes stored in he 

croLfrr°,H ° ^ 3t ^ ^ ° f that ' ud 9 ment - ™- causes the first and second pressure cu ve 
groups on the three injection processes obtained immediately before the setting start key operation to be 
continuously displayed on the first and second coordinate systems 6 and 7 (step S 104) 

Then, the PMCCPU 114 moves the fist and second graphic cursors 11 and 12 back to their home 
positions on the first and second coordinate system, and also moves the setting cursor 13 to tts home 
position on the first set data display field 8 (step S105). The PMCCPU 114 sets a retrieval index m 

■ssem ?j? r r, address °: the pressure data ram and •» ** *a M ijzzs 

provided .n the CRT display controller, a retrieval index j. indicative of the respective rows of the first and 
second set data fields 8 and 9. and a retrieval index i. indicative of the respective columns of mese set data 
20 fields to their initial values of "1". respectively. Also, the PMCCPU sets the flag R to a vie of "1" 

SSf2 pSccIuT? PrOC6SS L% bei 1 9 Conducted < ste P S106 >- steps S107 to S115 following step 
S106. the PMCCPU makes a search for the operation states of various keys, and if it is found that no key 
has been operated, then it waits for a key operation. y 

oe ri D ^ a inmt e l in Tl** successive, V se| ects screw positions and/or elapsed time 

penods from ,n ection start, wh.ch are suited as judgment points (parameters which specify required actual 
values o injection process parameters to be eva.uated for product conformity judgment) and *en enters 
XT T*" Carryi " 9 ° Ut above -^"tioned evaluation in the respective fieWsTspotsro 

SnS, hIT S *\ ^ diSP ' ay fie ' dS 8 and 9 - T ° S8,eCt the * d 9 ment P° ints enter udgmen 
standard data, the operator operates the movement keys for the first and second graph cursors 1 and 12 

at Z lZTr TT 3 1 1 and 12 a, ° n9 *" abSCiSSaS ° f *• first ™» second 9 coordinate systems and 
at the same time refers to contents displayed on the numerical data field 10. which are updated as the 

I^IVZZ Tt f °; "T ^° Perat0 : ° PerateS 019 m ° V9ment keys for *• se «'"9 «■» 13 to moS the 
th?tL J! h" Z St ! nd S K eC ° nd S6t d3ta fie ' dS Where data are to be set - then sets the data through 
n tSf » • , K° PerateS d3t ! 6ntry k6y tG C3USe the set data t0 be stored the shared RAM i£ 
L^n h Tpm i?! ° P f rat,0n ° f the PMCCPU 114 wh «" ^rious cursor movement keys are operated 

smTZ An h de ? C t 1,131 , thS k8y f ° r m ° Vin9 the 9raph cursor to the le « ha * b ^n operated (step 
S107), the CPU decrements the value of the retrieval index m (step S116). and if the retrieval index m 
becomes a value less than "1". then the CPU sets the value of the index m to "1" aqaTn Seo TsTl7 and 
S1 18) If the CPU 114 detects at step S108 that the key for moving the graph cu sor t ttif S has been 
operated, it increments the value of the retrieval index m (step S1 10). And if the value of The eWevaf in^x 

Sl2TAtordinof * fT ^ ^ *" Va ' Ue ° f *• W " m t0 ^ wS^STS 

PM%£u T'^- °h ' nde K ? iS " mited tG 3 ra " 9e Vary,n9 from 1 10 M - Under control of 
the PMCCPU 114 and in accordance w.th the value of the retrieval index m. the screw position Xm and its 
corresponding injection pressure Pm of the latest injection process are read from the clln aodfeS 
' m " aSS0C ! ated wtb the ,atest '"J**™ P^cess. of the pressure data RAM and the screw position dlta 

RAM each prov.ded in the CRT display controller, and the elapsed time period (m - 1) • , is calculate? 
Then, the screw position Xm. injection pressure Pm and elapsed time period (m - 1) t are disolaved t In 
the numenca. data fie.d 1 0. Further, the first graph cursor 1 1 is moved to that position wh chTep eslnTtne 
. rZZ^TT? *V abSCiSSa ° f flrSt C °° rdinate System 6 ' and *° second graph cuSr % is 

:ziiz^rzts resents the e,apsed time period (m - 1) • * on - ^ ° f - se - d 

r^n^fnof > h MCCPU f 11 i dete , cts that the k ^ for m ° v '"9 the setting cursor to the left has been operated 
(step S109). it decrements the value of the retrieval index i (step S123). and if the retrieval index i becomes 
a value .ess than "1". then the PMCCPU sets the value of the index i to "1» again (steps S124 andTl25) 

^iim 0 ^ 0Perat f S T e ^ f ° r m ° Vin9 thS S6ttin9 cursor to the *a CPU 114 deteefs this 
(step S1 10), and mcrements the value of the retrieval index i (step S126). And if the value of retrieval index i 
exceeds the value of total number N of the judgment points, then the value of the index i is se to N aain 
(steps S127 and S128). Accordingly, the value of tt^e index i is limited to a range from 1 to N. FurLr when 
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the operator operates the key for moving the setting cursor upward, the CPU 114 detects this (step S111). 
and decrements the value of the retrieval index j (step S129). And. if the retrieval index i has a value less 
than -1". then the value of the index j is reset to "1" (steps S130 and S1.31). When the PMCCPU 114 
detects that the key for moving the setting cursor downward has been operated (step S112) .t increments 
the value of the retrieval index j (step S132), and if the value of the retrieval index j exceeds the value of the 
final row "7". then the PMCCPU resets the value of the retrieval index j to "7" (steps Si 33 and S134). 
Accordingly, the value of the index j is limited to the range from 1 to 7. _ 

The PMCCPU 114 moves the setting cursor 13 to the spot at row j and column i in the first and second 
set data display fields 8 and 9 in accordance with the retrieval indexes i and i (step SI 35). The total number 
N of the judgment points is equal to the sum of the number K of the judgment points associated with the 
screw position and the number K' of the judgment points associated with the elapsed time period. Each of 
the numbers K and K' of the judgment points (each of them is set to 5 in the present embodiment) may be 
set in an arbitrarily manner. Both the data fields 8 and 9 are displayed on the setting screen independently 
from each other, however, they are handled as a single horizontal row in software processing 

Next, explanations as to selection of the judgment points and entry of numerical values to the spots of 

the set data fields will be given. 

The data to be set in the first set data field 8 are a reference value x of the screw position, a reference 
value p of the injection pressure, an upper limit value pu of the pressure deviation, a lower limit value pi of 
the pressure deviation, a reference value t of the elapsed time period, an upper limit value tu icf the time 
period deviation, and a lower limit value tl of the time period deviation for each of the first to fifth judgment 
points. Normally, the operator sets the reference values x, p and t in accordance with two pressure curves 
associated with the latest injection process at the moment the setting start key is operated. 

To select the first judgment point, the operator observes the distribution of the pressure curve group 
displayed on the first coordinate system 6. and then operates cursor movement keys so as to move the firs 
araph cursor 11 onto. e.g.. that screw position which specifies one curve portion by which the latest 
pressure curve is characterized, to thereby select this screw position as the first judgment point. In 
accordance with the retrieval index m which is updated as the cursor moves, the screw position Xm.- and 
the injection pressure Pm and the elapsed time period (m - 1) • r. respectively corresponding to the screw 
position in the latest one injection process, are displayed in the numerical value data field 10. as mentioned 

30 ab ° V Next to set the reference value x of the screw position of the first judgment point, the operator moves 
the setting cursor 13 onto the spot at the first row and first column in the first set data field 8, and I then 
enters data equal to the displayed screw position Xm through the ten-key pad. The PMCCPU 114. when .t 
determines the input through the ten-key pad (step Si 13). reads the thus entered numerical data one after 
another as a single string of numerical values (step S136). After that, when the operator operates the data 
entry key (step S1 14). these numerical values of one string are stored, as the reference value x of the screw 
position associated with the first judgment point, into a record x1 of storage means (hereinafter referred to 
as files), which are in the form of files as shown in Tables 2 and 3. in accordance with the values of indexes 
i and i (steps S137, S144 and S145). 

Then the operator moves the setting cursor 13 to the first column of the second row in the first set data 
field 8 and enters, using the ten-key pad. the injection pressure Pm shown in the numerical data .eld 10 as 
the injection pressure reference value p associated with the first judgment point. The operator also moves 
the cursor 13 to the first column of the fifth row in the display field 8. and enters, using the ten-key pad. the 
elapsed time period (m - 1) ■ r displayed in the display field 10 as the reference value t of the tome period 
45 deviation. 
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Table 2 Judgment Stand 
Screw Position 

Judgment Screw Elapsed 
point position time 



No. 


(X) 


(t) 


1 


x 1 


t 1 


2 


x 2 


t 2 


3 


X 3 


t 3 


K 


x k 


t "k 



rd in Relationship between 
and Injection Pressure 



Time 




Injection 


Pressure 


deviation 


pressure 


deviation 


High 


Low 




High Low 


(tu) 


(tl) 


(P) 


(pu) (pi) 


tul 


til 


P 1 


pul pll 


tu2 


tl2 


P 2 


pu2 pl2 


tu3 


tl3 


P 3 


pu3 pl3 


tuk 


tlk 


P*k 


puk plk 



With reference to the distribution of the pressure curves on the first coordinate system 6 the operator 
determines the upper limit value pu and the lower limit value pi of the pressure deviation, which values 
define the limitation of actual pressure variations in the positive and negative directions on the ordinate axis 
with respect to the reference pressure on the latest pressure curve. At this time, the operator may move the 
first cursor 1 1 to that screw position at which a pressure equal to the upper limit pressure obtained at the 
screw position Xm is given on the latest pressure curve, read the injection output indicated in the numerical 
data field 10 at that time as the upper limit pressure, and then determine the upper limit value pu from that 
upper limit pressure and the reference pressure p. Alternatively, the upper value pu may be determined 
with reference to the scale of the ordinate axis of the first coordinate system 6. Next, the lower limit value pi 
of the pressure deviation is decided in the same manner. Then, the setting cursor 13 is moved to the first 
column of the third row in the display field 8 to enter the upper limit value pu through the ten-key pad and 
the cursor is moved to the spot at the first column of the fourth row to enter the lower limit value pi throuah 
the ten-key pad. y 

Further, with reference to the distribution of the pressure curves on the second coordinate system 7 the 
operator decides the upper limit value tu and lower limit value tl of the time period deviation, which define 
the limitation of actual elapsed time period variations in the positive and negative directions on the abscissa 
axis with respect to the reference elapsed time period on the latest pressure curve. When deciding the 
upper and lower limit values, the operator can refer to the elapsed time period shown in the numerical data 
field 10 while moving the second cursor 12. Whereupon, the setting cursor 13 is moved to the first column 
of the sixth row of the display field 8 to enter the upper limit value tu. using the ten-key pad. and then the 
cursor is moved to the spot at the first column of the seventh row to enter the lower limit value tl in that 
spot, using the ten-key pad. 

Each of the injection pressure reference value p through the lower limit value tl of the time period 
deviation with respect to the first judgment point is entered through the ten-key pad, and is then read by the 
PMCCPU 114 (steps S113 and S136). After that, when the data entry key is operated (step S114) under 
the control of the PMCCPU 114. the reference value p of the injection pressure is stored in a record pi 
(steps S138 and S147), the upper limit value pu of the pressure deviation in a record put (steps S139 and 
S148), and the lower limit value pi of the pressure deviation in a record pll (steps S140 and $149) in 
accordance with the values of indexes j and i which correspond to the position of the setting cursor 13 
Similarly, the reference value t of the elapsed time period is stored in a record tl (steps S141 S150 S151) 
the upper limit value tu of time period deviation in a record tu1 (steps S142. S153 and S154). and the lower 
limit value tl of the time period deviation in a record t!1 (steps S143 and S156). 
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Table 3 Judgment Standard in Relationship between 
Injection Time and Elapsed Time Period 



Judgment 
point 


Elapsed 
time 


Screw 
position 


Position Injection Pressure 
deviation pressure deviation 
High Low High Low 


No. 


(t) 


(X) 


(tu) (tl) 


(p) (pu) (pi) 


K>1 
K+2 
K+3 


tk+1 
tk+2 
tk+3 


Xk+1 
Xk + 2 
Xk+3 


tuk+1 tlk+1 
tuk+2 tlk+2 
tuk+3 tlk+3 


pk+1 puk+1 plk+1 
pk+2 puk+2 plk+2 
pk+3 puk+3 plk+3 
* - • 


N 


tN 


xN 


tuN tlN 


pN puN plN 



Next the operator successively selects screw positions that are suited for the second to K-th (-5) 
Judgment points. The reference values of the screw position, injection pressure and elapsed time period, 
and the upper and lower limit values of the pressure deviation and time period deviation for each judgment 
point are set in the same manner as with the first judgment point. These set values are stored in those 
records of the file, corresponding to column i of the first set data display field 8. which are associated with a 
corresponding one of the judgment points (See Table 2). 

In the present embodiment, in addition to the first to K-th ( = 5) judgment points associated with the 
screw positions, five more judgment points, i.e.. from the (K + 1)-th to N-th judgment points which are 
associated with elapsed time periods from the moment injection is started are arbitrarily selected. To this 
end with reference to the second pressure curve group which indicates the relationsh.p between the 
elapsed time period and the injection pressure and which is written in a manner superimposed on the 
second coordinate system 7. the operator so operates cursor movement keys as to move the second graph 
cursor 12 laterally, thereby sequentially selecting those elapsed time periods which are suitable. 'as 
iudqment objects (steps S107 and S108). Whereupon, the reference value t of the elapsed time period, the 
reference value p of the injection pressure, and the reverence value x of the screw position at each 
judgment point are set in the second set data display field 9 (step S122), with reference to the distribution 
of the pressure curves of the second group as well as the elapsed time period (m - 1) • r . the injection 
pressure Pm and the screw position Xm which are displayed in the numerical data field 10. Normally, the 
judgment points are selected on the basis of the latest pressure curve among the second pressure curve 
group. Therefore, an arbitrary elapsed time period (m - 1) • r. a corresponding injection pressure Pm and a 
corresponding screw position Xm during the latest single injection process are set as the aforementioned 
three reference values. 

On the basis of the first pressure curve group displayed in the first coordinate system 6. the operator 
further sets the upper limit value pu and lower limit value pi of the pressure deviation, which define the 
limitation of actual pressure variations in the positive and negative directions on the ordinate axis with 
respect to the reference pressure on the latest pressure curve, and also sets the upper limit value xu and 
the lower limit value xl of the position deviation, which define the limitation of actual screw position 
variations in the positive and negative directions on the abscissa axis with respect to the reference screw 
position on the latest pressure curve. 

In the same manner as with the judgment points associated with the screw position, the operator moves 
the setting cursor 13 to one of the spots (j = 1 to 7, i = K + 1 to N) in the set data display field 9 (steps 
S109 to S112). and then enters through the ten-key pad the reference values of the elapsed time period 
injection pressure and screw position, and the upper and lower limit values of the pressure deviation and 
position deviation for one of the (K-M)-th to the N-th judgment points (step S1 13). The numeral data 
entered through the ten-key pad is read by the PMCCPU 114 (S136), and is stored ,n records of a ^file 
corresponding to that judgment point which is associated with the data thus read (steps S114. S137. S144. 
S146 etc ) This procedure is repeated for all the spots in the display field 9, so that all the numerical data 
for the (K + 1)-m to N-th judgment points are stored in the files concerned (steps S146 to S149, S152, S15S 

and S157). . . 

In the above manner, the reference values x. p and t of screw position, injection pressure and elapsed 
time period, the upper and lower limit values pu and pi of the pressure deviation, and the upper and lower 
limit values of the time period deviation tu and tl for each of the first to K-th judgment points respectively 
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associated with the screw position are set and stored in the files of the shared RAM 105 (see Table 2) 
Similarly, the reference values t. p and x of the elapsed time period, injection pressure and screw position' 
the upper and lower limit values pu and pi of the pressure deviation, and the upper and lower limit values 
xu and x1 of the position deviation for each of the (K + 1)-th to N-th judgment points associated with the 
time period elapsed from injection start are also set and stored in the files of the shared RAM 105 (see 
Table 3). Thus, permissible ranges of the judgment standard parameters (injection pressure, elapsed time 
period after the start of injection, and screw position) for the respective judgment points are set arbitrarily 
and independently from one another. As a result, the reliability of the individual judgment standard data can 
be improved, so that it is possible to evaluate judgment results for the respective judgment points, with the 
same weight, in determining the product conformity. 

When all the judgment standard data has been set in the foregoing manner, the operator turns off the 
function menu key. When the PMCCPU 114 detects this at step S115, the PMCCPU resets the flag F1 to a 
value of "1 " indicating that the judgment standard setting process is no longer being executed. Whereupon 
the processing shown in Fig. 3 is completed. 

in the following, the acceptance/rejection judgment process will he explained with reference to Fig. 4. 
When the operator operates an acceptance/rejection judgment key (not illustrated) after an injection 
molding cycle is started, the PMCCPU 114 initiates the conformity judgment process of Fig. 4 which will be 
periodically executed thereafter, in each processing period, the CPU 114 determines whether or not the 
operator has operated a judgment mode selector key, not shown (step S201). This judgment mode selector 
key is used to select either one of a first judgment mode where a conformity judgment is conducted on the 
basis of the first to K-th judgment points associated with screw positions, and a second judgment mode 
where the conformity judgment is made based on the (K-M)-th to N-th judgment points associated with 
elapsed time periods from the start of injection. 

When the PMCCPU 114 determines at step S201 that the judgment mode selector key has been 
pressed, it increments a value SC in a built-in counter (step S202). and then determines whether the 
updated counter value SC exceeds "1" or not (step S203). If it is determined that the counter value SC 
exceeds "1." then the PMCCPU resets the counter value to "0" (step S204). The counter value SC remains 
unchanged unless the judgment mode selector key is operated, and is switched between "0" and "1" each 
time the key is operated. 

Next, the CPU 114 determines, according to the current counter value SC. whether the conformity 
judgment should be made in either one of the first and second judgment modes (step S205). If the counter 
value SC is "0," then the CPU 114 decides to execute judgment in the first judgment mode, and sets the 
retrieval index i to "1" and a retrieval end value h to "K ( = 5)" (step S206). If the counter value SC is other 
than "0", then the CPU 114 decides to execute the judgment in the second judgment mode, and sets the 
retrieval index i to a value of "K + 1 ( = 6)" and the retrieval end value h to a value of "N (= K + K')" (step 
S207). The CPU 114 further determines whether or not the hold process is being carried out in the current 
injection molding cycle (step S208). If the hold process is being carried out. then the CPU 114 sets a flag 
F2 to a value of "1" (step S209), terminating the acceptance/rejection judgment processing for the present 
cycle. 

At step 208 in a subsequent judgment processing cycle, if the PMCCPU 114 confirms that the hold 
process in the current injection molding cycle has been finished (data sampling for the injection and hold 
process (hereinafter referred to as the injection process) in the injection molding cycle concerned has been 
finished), then the PMCCPU 114 determines whether or not the value of the flag F2 is "1" which indicates 
that the acceptance/rejection judgment for the latest injection process has not been executed as yet (step 
S210). If the value of the flag F2 is "1," then the CPU 114 resets the flag F2 to "0" which indicates that the 
judgment process is being executed, and also resets values f and g of a first and second integration 
counters to "0", these counters being operable to count the number of rejections at the first to K-th 
judgment points, and the number of rejections at the (K+1)-th to N-th judgment points (step S211) Next 
the CPU 114 determines whether the counter value SC is "1" or not (step S212). and it starts the 
acceptance/rejection judgment process in the judgment mode determined by the result of the just- 
mentioned determination. 

In the step 212, if the PMCCPU 114 finds that the counter value SC is "0," and the first judgment mode 
has been selected accordingly in which mode the conformity of a respective product is judged by 
evaluating the conformity of the actual injection process parameters at the first to K-th judgment points 
associated with screw positions, then the CPU 114 sets the retrieval index m to a value of "1" (step S213) 
Further, the CPU 114 reads an actual screw position Xm (X1 in this case) at the m-th sampling point in the 
latest injection process, that has been finished, from the m-th address region of the screw position data 
RAM 109 indicated by the value of the index m. The CPU 114 also reads, from the file concerned a 
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reference value xi (here, the value of x1 associated with the first judgment point) of the screw pos.tion 
associated with the i-th judgment point indicated by the retrieval index i. Furthermore, the CPU 114 
determines whether or not the screw position Xm agrees with the reference value xi by check.ng whether or 
not the sampling screw position Xm falls within a predetermined range which includes the reference value xi 
of the screw position, (step S21 4). 

If the CPU 114 finds that the screw position Xm does not coincide with the reference value xi. then it 
increments the value of the retrieval index m (step S215), and reads the next sampled screw pos.tion (X2 in 
this case) according to the updated index value m. After that, when the screw position Xm which 
corresponds to the reference value xi is detected, the CPU 114 calculates the elapsed time penod (m - 1) • 
r after the start of injection, which corresponds to the screw position Xm. on the basis of an index value m 
and a sampling cycle r at the time point of said detection. The CPU 114 also reads, from the file 
concerned, a reference value ti of the elapsed time period and upper and lower limit values tli and tui of the 
time period deviation for the i-th judgment point i. and calculates the upper and lower limit values (t i + tu.) 
and m - tli) of the elapsed time period on the basis of the thus read parameters. Whereupon, the CPU 114 
determines whether or not the elapsed time period (m - 1) • r falls within the permissible range (step 
S216) and increments the first integration counter value f if the elapsed time period is determ.ned as falling 
outside the permissible range (step S217). Thus, the number of judgment points that have been rejected 
with respect to the elapsed time period is counted accumulatively. 

Next the PMCCPU 114 reads an injection pressure Pm from the m-th address region, corresponding to 
the index value m, of the pressure data RAM 108. and calculates the upper and lower limit values (pi + 
oui) and (pi - pli) of the injection pressure on the basis of the reference value pi of the injection pressure 
and the upper and lower limit values pli and pui of the pressure deviation for the i-th judgment point . that 
has been read from the file concerned. The CPU 114 further determines whether the injection pressure Pm 
falls within the permissible range (step S218). If not so. the CPU 114 increments the second integration 
counter value g (step S219). Thus, the number of the judgment points that have been rejected with respect 
to the injection pressure is counted accumulatively. 

After incrementing the value of the retrieval index i (step S220). the CPU 114 determ.nes whether, ttie 
updated index value i (2 in this case) exceeds the retrieval end value h (= K) or not (step S221) If the 
index value i does not exceed the retrieval end value h. then the program goes back to the step S212. After 
that, the CPU 114 repeats the steps S212 to S221. so as to successively find unconformity of the elapsed 
time periods and injection pressures at the second to K-th judgment points. 

At step S221 in a later processing cycle, when the CPU 114 determines that the retrieval mdex i has 
reached the retrieval end value h (= K), and hence the judgment for all of the first to K-th points has been 
completed the CPU 114 further determines whether or not the first integration counter value f. indicative of 
the number of rejections associated with the elapsed time period, exceeds a permissible value CI. and at 
the same time the second integration counter value g, indicative of the number of rejections associated with 
the injection pressure, exceeds a permissible value C2 (step S222). If both the integration counter values 
exceed their permissible values, then the CPU 114 outputs a rejection signal which indicates that the 
product manufactured in the present injection molding cycle is defective (step S223). Otherwise, the CPU 
40 114 outputs a nondefective product signal to show that the product is nondefective (step S224). 

In short in the case of the product conformity judgment executed by evaluating actual values of the 
injection process parameters at the first to K-th judgment points associated with the screw pos.tion. a 
common address m specifying that memory area in which a screw position indicative of the respective 
judgment point i (= 1 to K) is stored is determined by retrieving stored contents of the screw position data 
RAM 109 Then, a judgment is made as to whether or not a value of (m - 1) • r. which is specified by the 
common address m and which represents an actual elapsed time period, at the judgment point .. from the 
start of injection, exceeds the permissible elapsed time range at the judgment point i. A further judgment is 
made as to whether or not a value of Pm. stored in that memory area of the pressure data RAM 108 which 
is specified by the common address m. and indicative of the actual injection pressure at the judgment point 
i falls within the permissible injection pressure range at the judgment point I. Whereupon, ttie number of 
judgment points that have been rejected with respect to the elapsed time period and the number of 
judgment points that have been rejected with respect to the injection pressure are counted separately, and 
a product is determined as being unacceptable only when both the count values exceed their permissible 

ValU6S 

55 At' step S212 of Fig. 4. if the counter value SC associated with the judgment mode selector key is 
determined as being "1" which indicates that the product conformity judgment should be made in the 
second judgment mode, then the PMCCPU 114 reads, from the concerned file of the shared RAM 105, the 
reference value ti of the elapsed time period from the moment injection is started, which has been set for 
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the i-th judgment point corresponding to a value of the retrieval index i. so as to evaluate actual values of 
the injection process parameters at the (K + l)-th to N-th judgment points which are associated with the 
elapsed time period from the injection start. Next, the CPU 114 adds "1" to a value obtained by dividing the 
reference value ti by the sampling cycle r. to thereby calculate a value m indicative of the common address 
m which corresponds to the reference value ti (step S225). Whereupon, the CPU 114 reads a screw position 
Xm. corresponding to the reference value ti of the elapsed time period, from that address region m of the 
screw position data RAM 109 which is specified by the calculated value m. and also calculates upper and 
lower limit values (xi + xui) and (xi - xli) of the screw position at the i-th judgment point, on the basis of the 
reference value xi of the screw position and the upper and lower limit values xui and xli of the position 
deviation at the i-th judgment point. A further determination is made as to whether a sampled screw position 
Xm falls within the permissible range (step S226). and if the screw position Xm is out of the permissible 
range, then a value f of the second integration counter is incremented (step S217). whereby the number of 
judgment points that have been rejected with respect to the screw position is accumulatively counted 

Next, the PMCCPU 114 determines whether the sampled value Pm of the injection pressure which 
corresponds to the value of the common address m calculated at step S225 is acceptable or not with the 
second integration counter value g incremented where required, and then increments the value of the 
retrieval index i (steps S218 through S220). The CPU 1 14 further determines whether the thus updated new 
index value i exceeds the retrieval end value h (= N) or not (step S221). and if the index value i does not 
exceed the retrieval end value h, then the step S212 is entered again. Thereafter, the PMCCPU 114 
successively executes the unconformity judgment on the actual screw position and actual injection pressure 
for the <K + 2)-th to N-th judgment points, and stores the numbers of rejections in the first and second 
integration counters. 

At step S221 in a later processing cycle, when the CPU 114 determines that the retrieval index i has 
reached the retrieval end value h (= N). and hence the unconformity judgment on the screw position and 
.njection pressure for all of the (K+1)-th to N-th judgment points has been completed, the CPU 114 further 
determines whether or not the first integration counter value f. indicative of the number of rejections 
associated with the screw position, exceeds a permissible value CI. and at the same time the second 
integration counter value g. indicative of the number of rejections associated with the injection pressure 
exceeds a permissible value C2 (step S222). If both the integration counter values f and g exceed the 

SS ™ Va ' UeS ' ^ JT" CPU 1 14 ° UtpUtS 3 rejec8on Si9nal ''"bating that the product is defective (step 
S223) O herw.se. the CPU 114 outputs a nondefective product signal to show that the product is 
nondefective (step S224). 

In short, in the case of the product conformity judgment conducted by evaluating actual values of the 
injection process parameters at the (K + 1)-th to N-th judgment points associated with the elapsed time 
penod from the start of injection, a common address m which corresponds to the reference value ti of the 
e apsed time period set for the repsective judgment point i (= K + 1 to N) is determined on the basis of this 
elapsed bme period reference value ti and the sampling cycle r . Whereupon, a judgment is made as to 
whether or not an actual screw position Xm and an actual injection pressure Pm at the judgment point i 
which are specified by the common address m. fall within the permissible position range and permissible 
pressure range for the judgment point i. respectively. The number of judgment points that have been 
rejected with respect to the screw position and the number of judgment points that have been rejected with 
respect to the injection pressure are counted separately, and a product is determined as being unaccep- 
table only when both the count values exceed their permissible values. 

The present invention is not limited to the foregoing embodiment, and various modifications thereof mav 
be made. 1 

For instance, in the foregoing embodiment, the product acceptance/rejection judgment is executed by 
selectively carrying out either one of the conformity evaluation on the actual injection pressure and actual 
elapsed time period at those screw positions which are selected as judgment points, and the conformity 
evaluation on the actual injection pressure and actual screw positions at those elapsed time periods from 
the injection start which are selected as judgment points. Alternatively, both the two conformity evaluations 
may be made for the product conformity judgment. 

In this case, it is arranged, for instance, that the counter value SC assumes "0" indicative of a first 
judgment mode, "1" indicative of a second judgment mode, or "2" indicative of a third mode which 
corresponds to a combination of the former two modes, in response to an operation of a judgment mode 
selector key. Further, a new judgment step for determining whether the current count value SC is "1 " or "2" 
is provided between the step S205 and the step S207 shown in Fig. 4. When it is determined that the count 
value SC .s 1." the step S207 is entered, while the retrieval index i and the retrieval end value h are 
respectively set to "1" and "N" when it is determined that the count value SC is "2." Upon completion of 
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the steps S208 to 8211. a determination is made as to whether the index value "i» is larger than the value 
"K - in stead of the determination at the step S212 for determining whether the count value SC is J or 
not Whereupon, if the index value V is determined as being less than the value "K," then the step S213 is 
entered so as to check the conformity of the actual elapsed time periods and actual injection pressures at 

s the first to K-th judgment points. On the other hand, if the index value V is determined as being arger than 
the value "K," then the conformity of the actual screw positions and actual injechon pressures at the . <K + 1)- 
th to N-th judgment points is determined. In this modification, the first integration counter counts both he 
rejections on elapsed time period and the rejections on screw position, and therefore, the permiss.ble value 
CI for the counter value f is set to a value larger than the permissible value C1 in the above-mentioned 

w embodiment. 
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A product acceptance/rejection judgment method in an injection molding machine, comprising the steps 

(a) displaying a group of pressure curves, which respectively represents, as a function of a 
predetermined parameter, changes in pressure during a plurality of injection processes in nondefec- 
tive product molding; 

(b) selecting at least one value of the predetermined parameter; 

(c) setting a permissible pressure range, corresponding to the selected parameter value, based on 
the qroup of pressure curves; . 

(d) effecting a judgment as to whether or not an actual pressure, generated when the predetermined 
parameter reaches the parameter value during one actual injection process, falls within the permis- 
sible pressure range; and 

25 (e) effecting a determination as to whether a product is acceptable or not in dependence on results 

of the judgment effected in said step (d). 

2 A product acceptance/rejection judgment method according to claim 1, wherein said method is applied 
' to an injection molding machine provided with an injection screw, and wherein said predetermined 

30 parameter is a position of the screw. 

3 A product acceptance/rejection judgment method according to claim 1. wherein said predetermined 
parameter is a time period elapsed from an instant at which an injection process starts. 

3S 4. A product acceptance/rejection judgment method according to claim 1, wherein a plurality of values of 
the predetermined parameter are selected in said step (b). permissible pressure ranges respectively 
corresponding to the plurality of parameter values are set in said step (c) in a manner separately and 
independently from one another, and a judgment is made in said step (d) as to whether or not an actual 
pressure, generated when the predetermined parameter reaches each of the selected parameter values 
during the actual injection process, falls within the permissible pressure range corresponding to the 
parameter value concerned. 

5 A product acceptance/rejection judgment method according to claim 4. wherein a counting operation is 
' made in said step (d) each time the actual pressure, generated when the predetermined parameter 

reaches "each of the selected parameter values, is determined as falling within the corresponding 
permissible pressure range, and the determination of said step (e) is made in dependence on a total 
count obtained in said step (d). 

6 A product acceptance/rejection judgment method according to claim 4. wherein a counting operation is 
' made in said step (d) each time the actual pressure, generated when the predetermined parameter 

reaches each of the selected parameter values, is determined as falling outside the corresponding 
permissible pressure range, and the determination of said step (e) is made in dependence on a total 
count obtained in said step (d). 

7. A product acceptance/rejection judgment method according to claim 1. wherein said group of pressure 
curves is displayed on a graphic display. 

8. A product acceptance/rejection judgment method according to claim 7, wherein said group of pressure 
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curves is displayed on a two-dimensional orthogonal coordinate system provided on the graphic 
display. 

9. A product acceptance/rejection judgment method according to claim 7, wherein the selection of each or 
the parameter value in said step (b) and the setting of each or the permissible pressure range in said 
step (c) are made on the graphic display. 

10. A product acceptance/rejection judgment method in an injection molding machine, comprising the steps 

(a) displaying a first group of pressure curves, which respectively represents, as a function of a first 
predetermined parameter, pressure changes during a plurality of injection processes in nondefective 
product molding; 

(b) displaying, separately from the first group of pressure curves, a second group of pressure 
curves, which respectively represents, as a function of a second predetermined parameter, pressure 
changes during the plurality of injection processes in the nondefective product molding; 

(c) selecting at least one value of one of the first and second predetermined parameters; 

(d) setting a permissible pressure range corresponding to the selected parameter value in accor- 
dance with that pressure curve group among the first and second groups of pressure curves which 
is represented as the function of said one predetermined parameter; 

(e) setting a permissible pressure range for the other predetermined parameter, which range 
corresponds to the selected parameter value, in accordance with the pressure curve group among 
the first and second groups of pressure curves which is represented as the function of the other 
predetermined parameter; 

(f) effecting judgment as to whether or not an actual pressure and a value of the other parameter 
respectively generated when the one predetermined parameter reaches the selected parameter 
value during one actual injection process, fall within the permissible pressure range and the 
permissible parameter range, respectively; and 

(g) effecting a determination as to whether a product is acceptable or not in dependence on results 
of the judgment effected in said step <f). 

11. A product acceptance/rejection judgment method according to claim 10, wherein said method is 
applied to an injection molding machine provided with an injecting screw, and wherein the first 
parameter is a position of the screw and the second parameter is a time period elapsed from an instant 
at which an injection process starts. 

12. A product acceptance/rejection judgment method according to claim 10, wherein a plurality of values of 
the one predetermined parameter are selected in said step (c), permissible pressure ranges respec- 
tively corresponding to the plurality of parameter values are set in said step (d) in a manner separately 
and independently from one another, and permissible parameter ranges respectively corresponding to 
the plurality of parameter values are set in said step (e) in a manner separately and independently from 
one another. 

13. A product acceptance/rejection judgment method according to claim 10, wherein the first and second 
groups of pressure curves are respectively displayed on first and second two-dimensional orthogonal 
coordinate systems which are provided independently from each other on a graphic display. 

14. A product acceptance/rejection judgment method according to claim 13, wherein the selection of each 
or the parameter value in said step (c), the setting of each or the permissible pressure range in said 
step (d). and the setting of each or the permissible parameter range in said step (e) are conducted on 
the graphic display. 

A product acceptance/rejection judgment method according to claim 12, wherein counting is made in 
said step (f) each time the actual pressure and the value of the other parameter, respectively generated 
when the one predetermined parameter reaches each of the parameter values, are respectively 
determined as failing within the corresponding permissible pressure range the said corresponding 
permissible parameter range, and the determination of said step (g) is made in dependence on a total 
count obtained in said step (f). 
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A product acceptance/rejection judgment method according to claim 12. wherein counting is made in 
said step (f) each time the actual pressure and the value of the other parameter, respectively generated 
when the one predetermined parameter reaches each of the parameter values, are respectively 
determined as falling outside the corresponding permissible pressure range and the corresponding 
permissible parameter range, and the determination of said step (g) is made in dependence on a total 
count obtained in said step (f). 
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FIG. 3B 




(p 1-0. E N~D^ ) 



21 



EP 0 452 513 A1 



LU 




22 



EP 0 452 513 A1 




EP 0 452 513 A1 



V JLDMNT mTFSK J 



1201 



FIG.4 



o 



f KEY CN L 





YES 


SC-SC+1 







S218 



NO 



S204 





g — g + 1 



S219 



YES 



i-* i + 1 



S2 2 0 



S C = 0 

S 2 0 6 JY E s 



Y E 



S207 



i — 1 . 




i— K + 1 . 


h— K 




h— N 



S209 
( YES 
11 



F 2 


— 1 


J 


J±CL 






F2-0. f~0. g-^0 









OUEEUT NGN- 




C3VE 



.f 2: C 1 ) A (g 2; C 2 
S224^ 



^223 



( END ~) 



m— 1 



] _^S213 



m— m + 1 



;226 



Y E S 



f — f + 1 




YES 



24 



INTERNATIONAL SEARCH REPORT 

International Application No PCT/ JP9 0 / 0 1 4 7 9 



1. CLASSIFICATION OF SUSJECT MATTER (II several daeaincauon eymbola apply, indicate aU) • 


According to International Patant Classification (IPC) or to both Natl 

Int. CI 5 B29C45/76 


ensl ClMsiflcfitlen and IPC 




tf. FIELDS SEARCHED 


Minimum Documentation Searched ' 


Classification Syatem I Oaaelflcatlon Symbole 


IPC B29C45/76 


Documentation Searched othar than Minimum Documentation 
to the Extent that auch Documenta are included In the Flelda Searched • 


Jitsuyo Shinan Koho 
Kokai Jitsuyo Shinan Koho 


1960 - 1989 
1971 - 1989 




til. DOCUMENTS CONSIDERED TO SI RELEVANT ' 


Category • \ Citation of Document, 11 with indication, where appropriate, of the relevant paaaagea '* 


Relevant to Claim No. » 


Y 


JP, A f 1-267017 (Tamagawa 
October 24 , 1989 (24. 10. 
Claim (Family: none) 


Seiki K.K. ) , 
89) , 


1-3 


A 


JP, A r 1-136711 (Toshiba Machine 
Co. , Ltd. ) , 

May 30, 1989 (30. 05. 89), 
Claim (Family: none) 

• 


1-3 


* Special categories at cited documenta: »• 

**A~ document defining the general state ol me art which ia not 

considered to bo of particular relevance 
-E~ earlier document but published on or after the JnTemsUonsI 

firing data 

t" document which may throw doubts on priority claim (a) or 
which is cited- to establish the pubttcation dale ol another 
citation or other apodal reaaon (as specified) 

•XT document referring to an oral disclosure, use. exhibition or 
other mesne 

"P- document pubUenod prior to the irifernaHonel filing date but 
later than the priority date claimed 


T* tatar document published after the mternsttonal Wing dels or 
priority date and not in conflict with the eppticehon but chad to 
understand the principle or theory underlying the Invention 

-X" document of particular reference: the claimed Invention cannot 
be considered novel or cannot be considered to involve sn 
inventive slap 

-r* document of particular relevance; the claimed invention cannot 
be coneldorad to Involve an inventive eeeo when the document 
is combined whh one or more other such documents, such 
combination being obvious to a person a* Wed in the art 

"V document member ol the asme patent family 


IV. CERTIFICATION 


Date of the Actual Completion of the International Search 

February 6, 1991 (06. 02. 91) 


Data of Malting of this International Search Report 

February 18, 1991 (18. 02. 91) 


International Searching Authority 

Japanese Patent Office 


Signature of Authorised Officer 



Form PCT/1SA/210 (*ecood ah«et) (January 1M5) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

l^BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
t^FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 
Q / REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: ' 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



£ 

CO 

I 

m 

1 



'3 



